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PRELIMINARY AMENDMENT- A 



Box Patent Applications 
Assistant Commissioner for Patents 
Washington, DC 20231 



Sir: 



In connection with the subject new patent application (filed concurrently herewith), please 
amend the application as follows. 
IN THE SPECIFICATION: 

Please amend the specification as shown on the attached sheets (including a clean version 
of the amended paragraphs and a copy of the original paragraphs showing the changes in hand- 
written markings). 
IN THE CLAIMS: 

Please amend claims 1-10 as shown on the attached sheets (including a clean version of the 
amended paragraphs and a copy of the original paragraphs showing the changes in hand-written 
markings). Also, please add new claims 1 1-20 as shown on the attached sheets. 
IN THE ABSTRACT: 

Please amend Abstract as shown on the attached sheets (including a clean version of the 
amended drawings and a copy of the drawings showing the changes in hand-written markings). 
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REMARKS 



Upon entry of the present Preliminary Amendment-A the claims in the application a 
claims 1-20, of which claim 1 is independent. 

The specification, claims and abstract have been amended to overcome minor 
informalities therein, while the claims are also amended to eliminate multiple dependencies 
therein and to add new claims 1 1-20. Applicant respectfully submits that all of the above 
amendments are fully supported by the original application. 

Favorable consideration is respectfully requested. 
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Hydrophilic Member 



Technical Field of the Invention 

This invention relates to a hydrophilic member and especially to a hydrophilic member having 
5 superior hydrophilic restoration properties. 

Background Art 

Japanese Unexamined Patent Publication Numbers Hei 9-278431, Hei 9-295363, Hei 10-36144, 
and Hei 10-231146 are known as background art having hydrophilic and anti-fogging properties on 
10 the substrate surfaces of glass and the like. 

Japanese Unexamined Patent Publication Number Hei 9-278431 discloses the application, on a 
substrate surface, of a surface treatment agent including phosphoric acids or salts thereof, soluble 
aluminum compounds, water-soluble silicates, surface active agents, and solvents. The mean 
[1 surface roughness of the hydrophilic film is 0.5 to 500 nm. 
15 Japanese Unexamined Patent Publication Number Hei 9-295363 discloses a film of titanium 

\j oxide or tin oxide formed on a substrate surface, having a mean surface roughness of at least 1 \im. 
Ul Japanese Unexamined Patent Publication Number Hei 10-36144 discloses a photocatalyst film 
I7i such as titanium oxide (Ti02) formed on a glass substrate surface and a porous inorganic oxide film 
a such as silicon oxide (SiOa) formed on the surface of the photocatalyst film. 
20 ; s ; Japanese Unexamined Patent Publication Number Hei 10-231146 discloses an alkali barrier 
j! j film and a photocatalyst film formed on the surface of a glass substrate. The mean surface 

roughness of the photocatalyst film is froml.5 to 80 nm. 
2 The art disclosed in the above-mentioned Japanese Unexamined Patent Publication Number Hei 

9- 278431 is not practical since both the chemical durability and wear resistance of the hydrophilic 
25 film are low. The art disclosed in the above-mentioned Japanese Unexamined Patent Publication 

Number Hei 9-295363 is not applicable to the surface of a transparent substrate such as a glass plate 
because the mean surface roughness (Ra) of the hydrophilic film is greater than or equal to 1 \xm, 
preferably greater than or equal to 4 [xm, and the transparency thereof is low (high haze). With 
regards to the art disclosed in Japanese Unexamined Patent Publication Number Hei 10-36144, 
30 since wear resistance of the hydrophilic film is low because of the porosity thereof, hydrophilic 
function thereof is lost and is not easily recovered when contamination such as oil enters into the 
pores. With respect to the art disclosed in Japanese Unexamined Patent Publication Number Hei 

10- 231146, time is needed for production because the hydrophilic film is formed of a plurality of 
layers. 

35 Moreover, with each of the above-disclosed prior arts, a hydrophilic film is formed on the 

surface of a substrate and hydrophilic properties are further improved by making the surface have 
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minute irregularities. However, in the case of a contaminated substrate, there is a drawback of 
slow restoration of the hydrophilic properties after washing of the substrate surface with a 
detergent. 

For example, since a surface such as that of a windshield or a mirror provided with a lavatory is 
5 easily contaminated, it is frequently washed with a detergent. Unfortunately, restoration of 
hydrophilic properties after washing is slow, leading to minute water drops easily adhering to the 
surface and anti-fogging properties fade. 

Disclosure of the Invention 

10 In order to resolve the problems mentioned above, according to the present invention, there is 

provided a hydrophilic member, comprising a tin oxide layer formed on a surface of a substrate 
directly or through an undercoat film in between acting as a barrier against alkali, and an overcoat 
layer formed on the surface of the tin oxide layer, wherein the overcoat layer is selected from at 
least one of silicon oxide, aluminum oxide, zirconium oxide, eerie oxide, and titanium oxide. 

15 m Furthermore, the mean surface roughness (Ra) of the top surface thereof is within a range of from 
^ 0,5 to 25 nra. 

ia The mean surface roughness (Ra) is preferably within a range of from 0.5 to 25 nm, more 
HI preferably within a range of 5 to 15 nm. The long-term stability of the hydrophilic performance is 
i y further improved within this range. 
20 p If only a tin oxide (Sn0 2 ) layer is formed on the surface of the substrate and the surface of this 
]*\ tin oxide (Sn0 2 ) layer is rough, hydrophilic properties are displayed, as mentioned in the prior art 
'Q (Unexamined Patent Publication Number Hei 9-295363). Unfortunately, upon washing the surface 
3 once with bath soap, the contact angle with water becomes 70° to 80°. 

r On the other hand, when a thin film such as a film of silicon oxide (Si0 2 ) is formed on the 
25 surface of the above-mentioned tin oxide (Sn0 2 ) layer, the post-washing contact angle with water 
becomes less than 10°. 

It is conceivable that the reason is because super-hydrophilic properties are present after 
washing since, from the aspect of surface polarity, tin oxide (Sn0 2 ) and silicon oxide (Si0 2 ) have 
opposite polarities and bath soap is anionic. 
30 It is preferable that the above-mentioned tin oxide (Sn0 2 ) has a rutile structure. By making 

the tin oxide (Sn0 2 ) to have a rutile structure, it is possible to form a polycrystalline thin film 
having a surface of preferable irregularities. 

Moreover, by making the mean surface roughness (R a ) of the tin oxide (Sn0 2 ) to be from 0.5 to 
25 nm and transferring these irregularities to the top surface, it is possible to make the mean surface 
35 roughness (R a ) of the top surface to be from 0.5 to 25 nm. 

It is not preferable that the mean surface roughness (R a ) be less than 0.5 nm, because effective 
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irregularities which improve long-term maintainability of hydrophilic properties and functions 
would not be formed* It is also not preferable for the mean surface roughness (R a ) to exceed 25 
nm, in which case irregularities would be too great and transparency lost, or the long-term stability 
of the hydrophilic function would be lowered. 
5 Additionally, it is preferable to make the mean spacing (S m ) of the irregularities to be from 4 to 

300 nm. It is not preferable for the mean spacing (S m ) of the irregularities to be either less than 4 
nm or greater than 300 nm, which would result in reduction of the long-term stability of hydrophilic 
performance and anti-fogging performance. The mean spacing (S m ) of the irregularities is more 
preferably from 5 to 150 nm. Within this range, the long-term stability of hydrophilic performance 

10 is further improved. 

As a method of indicating the mean surface roughness (R a ), arithmetical mean surface 
roughness (R a ) as defined by JIS B0601 (1994) is used. The value (nm) of arithmetical mean 
surface roughness is expressed as "the absolute value of the deviation from the mean line", and is 
% rendered by the following equation 1. 

15 si 

2 [equation 1] Ra = ~J^|/( X )H^ 

L : reference length 

13 f(x) : roughness curve expression taking X-axis in the direction of mean line and 

20 21 Y-axis in the direction of longitudinal magnification of the sampled part 

^ Moreover, the mean spacing of irregularities S m , too, is defined by JIS B0601 (1994). The 
arithmetical mean value (nm) of irregularities is expressed as "the mean value of the spacing 
between cycles of peaks and valleys obtained from the point where the roughness curve and the 
25 mean line cross", and is rendered by the following equation 2. 

[equation 2] Sm = — Smi 
S m i : spacing of irregularities (nm) 

n: number of spacings of irregularities within the reference length 

30 

It is preferable for the thickness of the tin oxide film (Sn0 2 ) to be from 10 to 800 nm, and for 
the thickness of the overcoat layer of silicon oxide film (Si0 2 ) or the like to be from 0.1 to 100 nm. 

When the thickness of the tin oxide is less than or greater than this range, the desired 
irregularities cannot be obtained. That is, deviation outside of this range is not preferable because, 
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when the thickness of the tin oxide is smaller than this range, then a film of uniform thickness will 
not be realized; and when the thickness of the tin oxide is larger than this range, then the spacing of 
irregularities will become too large. 

A film mainly comprised of common silicon oxide is preferable as the undercoat for the alkali 
5 barrier. Additives such as P (phosphorous) and B (boron) may be added, and oxide compounds of 
tin oxide may be used as needed. 

The undercoat film for the alkali barrier may be formed using known processes. Examples 
include the sol-gel process, liquid phase deposition method, vacuum film forming method, baking 
method, spray coating method, and CVD (chemical vapor deposition) method. 
10 It is preferable that the undercoat film for the alkali film be at least 10 nm yet not greater than 

300 nm. A thickness less than 10 nm is not preferable because it is insufficient for producing an 
effective alkali barrier. Additionally, a thickness greater than 300 nm is not preferable because 
interference colors frequently become noticeable and it becomes difficult to control the optical 
'"J characteristics of a glass plate. 
15 m Glass mainly comprised of silicon oxide (Si0 2 ), tile, ceramics, or a metal plate is suitable for 
} J ; use as the substrate. Moreover, a hydrophilic member according to the present invention may be 
hj applied to mirrors, for example. 

' ^ Brief Descriptions of the Drawings 

20 O Figures 1(a) and 1(b) are, respectively, enlarged cross-sectional views of a hydrophilic member 
J;f according to the present invention. 

O Preferred Embodiment to Implement the Invention 

Hereinbelow, explanation will be made of the preferred embodiment of the present invention, 
25 based upon the attached drawings. 

In the embodiment shown in Figure 1(a), the hydrophilic member comprises a film of tin oxide 
(SnCb) 2 formed on the surface of a glass plate 1 as a substrate and a film of silicon oxide (SiC>2) 3 
as an overcoat layer formed on the surface of this tin oxide (SnCb) film 2. 

In the embodiment shown in Figure 1(b), an undercoat film 4 stands between the glass platel 
30 and the tin oxide (SnC>2) film 2 to prevent alkalis such as Na from escaping out of the glass plate 1. 

In Figure 1, R a is the mean surface roughness and Sm indicates the mean spacing of the 
irregularities. 

Soda glass, which has SiC>2 as its main component, is used as the glass plate 1. The tin oxide 
(Sn02) film 2 is formed by a well-known process such as the sol-gel process, liquid phase 
35 deposition method, vacuum film forming method, baking method, spray coating method, CVD 
(chemical vapor deposition) method, or sputtering method. The thickness ranges from 10 to 800 
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nm and the mean surface roughness (R a ) ranges from 0.5 to 25 nm. The film of tin oxide (Sn02) 2 
has a rutile structure. 

The film of silicon oxide (Si02) 3 has a thickness ranging from 0.1 through 100 nm and is 
formed by a well-known process such as the sol-gel process, liquid phase deposition method, 
5 vacuum film forming method, baking method, spray coating method, chemical vapor deposition 
method, or sputtering method. In addition, since the silicon oxide (Si02) film 3 is formed on the 
tin oxide (SnC>2) film 2, the irregularities of the tin oxide (SnOi) film 2 are transferred just as they 
are, and the range of the mean surface roughness (R a ) of the surface of the silicon oxide (Si02) film 
3 also becomes within the range of 0.5 to 25 nm. 
10 The mean spacing (S m ) of irregularities preferably ranges from 4 to 300 nm. It is not desirable 

that the spacing deviate from this range because the long-term stability of the hydrophilic properties 
is low. 

By forming minute irregularities on the surface, the hydrophilic properties of the surface can be 
7f\ further improved. 

15 CO That is, when the surface area becomes larger by r times due to formation of minute 
irregularities on the surface, cos 0' = r cos 0 (90° > 8 > 8' ) is established by WenzeTs 
|y formula, in which the contact angle of water at the time of the flat surface is 9 and the contact 
:H angle of water at the time of forming irregularities is 9 ' . However, it is not the case when the 
5 - contact angle 8 deviates greatly from 90 degrees. 
20 D For example, forming irregularities on the surface of a member having a contact angle of 30° 
n ] with respect to water when the surface is flat, and taking the surface area to be multiplied 1.1 times, 
ill then, from the above equation, cos 9 ' =1.1 cos 30° = 0.935, and from this it is determined that 
^ 9' = 17.7° . Similarly, when the surface area is multiplied by 1.15, 0 ' becomes 5.2° . 

However, this equation is not necessarily established when 8 is small, however, as a tendency, 
25 8 ' becomes smaller by the provisions of irregularities. 

That is, by the formation of minute irregularities on the surface, the hydrophilic surface 
becomes all-the-more hydrophilic. 

On the other hand, as the undercoat film 4 for an alkali barrier, a thin film with silicon oxide as 
the main component or a compound oxide film comprised of silicon oxide and tin oxide, a film of 
30 silicon oxide which includes carbon, or layers of a film with tin oxide as the main components and a 
film with silicon oxide as the main component, or the like may be used. 

For example, a compound oxide film comprised of silicon oxide and tin oxide or a film of 
silicon oxide which includes carbon has a refractive index which is between that of the glass plate 1 
and the tin oxide film 2. Therefore, an even more preferable appearance can be obtained. That is, 
35 by having an undercoat film with an intermediate refractive index, it is possible to control 
interference color changes (color inconsistencies) arising from irregular thickness of the tin oxide 
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film, as well as neutralize reflection hues. 

In the case where the undercoat film is a layered body of, for example, a film whose main 
component is tin oxide and a film whose main component is silicon oxide, because the apparent 
refractive index of the layered body is between the refractive index of the glass plate 1 and the 
5 refractive index of the tin oxide film 2 by adjusting the thickness of the respective films, the 
functions of the above-mentioned undercoat film with an intermediate refractive index can be 
obtained. 

In the case where the hydrophilic member having the above-mentioned structure is applied to a 
mirror, a thin film of metal, for example, silver, is formed on the rear surface of the glass plate 1, 
10 between the glass plate 1 and the undercoat film 4; or, in the case of no undercoat, between the glass 
plate 1 and tin oxide (Sn0 2 ) film 2. 

Next, explanation will be made of processes for the formation of films occurring with the 
£:! P referred embodiment of the present invention and comparative examples. Specifically, using a 
vu film-forming apparatus (not shown), the sample of embodiment 1 was made by forming, in order, a 
15 J! film of tin oxide and a film of silicon oxide on the surface of a glass plate. Using the same process 
% j as that of embodiment 1, the samples of embodiments 2, 3, 4, and 6 were formed with, in order, a 
UJ film of tin oxide and a film of silicon oxide on the surface of a glass plate. Using the same process 
f|| as mat of embodiment 1, the sample of embodiment 5 was formed with, in order, a film of tin oxide, 
^ a film of silicon oxide, a film of tin oxide, and a film of silicon oxide on the surface of a glass plate. 
20 w Using the same process as that of embodiment 1, the sample of comparative example 1 was 
f|| made with, in order, a film of tin oxide and a film of silicon oxide on the surface of a glass plate. 
W The sample of comparative example 2 was made by conducting an etching process on the surface of 
P an ordinary glass plate, in which the glass plate was immersed into an aqueous solution whose main 
component was hydrosilicofluoric acid, and on the surface of the glass plate were formed minute 
25 irregularities comprised of a porous film whose main component was silica. Using the same 
process as that of embodiment 1, the samples of comparative examples 4 and 5 were made by 
forming a tin oxide film on the surface of a glass plate. 

Next, the mean surface roughness (R a ) and the mean spacing (Sm) of the samples of the 
embodiments and the comparative examples were measured. These values were calculated from 
profile curves measured with an atomic force microscope (AFM) or an electron microscope. 

Furthermore, the samples were washed with bath soap, and changes in the contact angles were 
measured so that wetting properties of the sample surface with respect to water could be confirmed. 
The angle of contact with water was measured immediately after washing, after the elapse of 2 
hours, and after the elapse of 200 hours. 
35 Tables 1 and 2, below, are, with regards to the hydrophilic member according to the present 

invention and the comparative examples, comparisons of changes of the contact angles with water 
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after washing with a detergent. 
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Table 1 







Embodiments 






1 


2 


3 


4 


5 


6 


mean surface roughness (nm) 


10.0 


3.0 


7.0 


13.0 


25.0 


8.5 


mean spacing (nm) 


40 


30 


65 


110 


150 


70 


change of 
contact angle 


immediately after 
washing 


3.0 


5.0 


4.0 


5.0 


10.0 


4.0 


(°) 


2 hours 
after washing 


4.0 


10.0 


6.0 


6.0 


12.0 


6.0 




200 hours 
after washing 


10.0 


25.0 


15.0 


13.0 


16.0 


14.0 


undercoat film composition 




Si0 2 


Si0 2 


Si0 2 


Sn0 2/ Si0 2 


Si0 2 


undercoat film thickness (nm) 




20 


20 


20 


25/25 


20 


1 Sn0 2 film thickness (nm) 


350 


20 


250 


600 


800 


300 


j overcoat film thickness (nm) 


20 


20 


50 


20 


50 


50 


t remarks 
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Table 2 





Comparative examples* 


1 


2 


3 


4 


5 


mean surface roughness (nm) 


30.0 


5.0 


1.0 


5.0 


7.0 


mean spacing (nm) 


250 


45 


oo 
(infinite) 


50 


70 


change of 
contact angle 

C) 


immediately after 
washing 


57,0 


14.0 


18.0 


70.0 


78.0 


2 hours 
after washing 


65.0 


18.0 


20.0 


70.0 


79.0 


200 hours 
after washing 


68.0 


32.0 


41.0 


73.0 


80.0 


1 undercoat film composition 


Sn0 2 /Si0 2 










I undercoat film thickness (nm) 


25/25 










J Sn02 film thickness (nm) 


1000 






60 


150 


f overcoat film thickness (nm) 












"i remarks 


* Comparative example 2: glass plate on the surface of which 
are minute irregularities formed by etching 

Comparative example 3: ordinary glass plate 

Comparative example 4: glass plate with a film of tin oxide 
(Sn02) provided on the surface 

Comparative example 5: glass plate with a film of tin oxide 
(SnC>2) provided on the surface 
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Table 1 clearly shows that a hydrophilic member according to the present invention has an 
angle of contact with water of 10° or less just after washing, and the hydrophilic properties are 
durable over long periods of time. 

On the other hand, Table 2 clearly shows that a common glass plates (comparative example 3) 
has an angle of contact with water of about 10° after washing, but the angle of contact gradually 
increases with time. This may be considered due to hydrophilic durability not being attained since 
the surface irregularities are small (R a ^ lnm). A glass plate with fine irregularities formed on the 
surface by etching (comparative example 2) also has a contact angle with water of about 10°, but 
the angle of contact gradually increases with the elapse of time. This is presumably due to 
durability worsening because the spacing of irregularities is too small in relation to the surface 
irregularities, and the hydrophilic functions decreasing over time. 

Moreover, in the case where the thickness of the tin oxide (Sn0 2 ) film exceeds the range of the 
present invention (comparative example 1), since the spacing of irregularities on the surface 
? becomes large (S m > 300 nm), the spacing of irregularities on the surface of the silicon oxide film 
I (Si0 2 ) becomes large, resulting in hydrophilic properties not able to be attained. Furthermore, 
j when a film of tin oxide (Sn0 2 ) only is formed on a glass plate (comparative examples 4 and 5), the 
J angle of contact with water after washing is 70° or greater and hydrophilic properties are not 
j manifested, regardless of the thickness of the tin oxide film (Sn0 2 ). This is presumably due to the 

* nature of the tin oxide (Sn0 2 ) film itself, regardless of the surface shape. 

1 Embodiment 6 is a mirror formed with a film of the same composition as comparative example 
j 3 on the surface of a glass plate having a silvered rear surface. This mirror surface does not fog at 
| all, even when breath is exhaled thereupon, the angle of contact with water becomes 10° or less just 

* after washing, and it maintains hydrophilic properties over long periods. Accordingly, the mirror 
of embodiment 6 has high hydrophilic properties, and exhibits desirable hydrophilic retention 
properties. 

Industrial applicability 

As explained above, according to the first aspect of the above-mentioned hydrophilic member, 
the angle of contact with respect to water becomes small, allowing still greater long-term stability of 
hydrophilic properties to be obtained. 

According to the second aspect of the above-mentioned hydrophilic member, it is possible to 
form a polycrystalline film having a desirably irregular surface, while attaining the effects of the 
above-mentioned first aspect. 

According to the third aspect of the above-mentioned hydrophilic member, while attaining the 
effects of the above-mentioned first and second aspects, hydrophilic effects occurring on the top 
surface can be sufficiently attained, yet recovery of hydrophilic properties after washing will occur 
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within an extremely short period of time, and the retention of the hydrophilic properties is high. 

According to the fourth aspect of the above hydrophilic members, it is possible to maintain 
hydrophilic properties over a long period of time, while attaining the respective effects of any one 
of the above-mentioned first, second, or third aspects. 

According to the fifth aspect of the above-mentioned hydrophilic member, it is possible to form 
a desired hydrophilic film while attaining the respective effects of any one of the above-mentioned 
first through fourth aspects. 

According to the sixth aspect of the above-mentioned hydrophilic member, it is possible to 
obtain desired irregularities while attaining the respective effects of any one of the above-mentioned 
first through fifth aspects. 

According to the seventh aspect of the above-mentioned hydrophobic member, while attaining 
the respective effects of any one of the above-mentioned first through sixth aspects, it is possible to 
i control interference color changes (color irregularities) as well as neutralize reflection hues, since 
I the refractive index of the undercoat film is between the refractive index of the glass plate and the 
itin oxide film. 

According to the eighth aspect of the above-mentioned hydrophilic members, while attaining 
4the respective effects of any one of the above-mentioned first through seventh aspects, it is possible 
irlto control interference color changes (color irregularities) as well as neutralize reflection hues, since 
the apparent refractive index of the layered film is between the refractive index of the glass plate 
^and the tin oxide film. 

According to the ninth aspect of the above-mentioned hydrophilic member, while attaining the 
yrespective effects of any one of the above-mentioned first through eighth aspects, it is possible to 
""make effective applications to mirrors, windshields, anti-fogging/anti-fouling glass for construction, 
spectacles, lenses, tile, metal plates, and the like. 

According to the tenth aspect of the above-mentioned hydrophilic member, while attaining the 
respective effects of any one of the above-mentioned first through ninth aspects, it is possible to 
make effective applications to automobile door mirrors, bathroom mirrors, and the like. 
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What is claimed is: 



1. A hydrophilic member comprising: 

a tin oxide layer formed on a surface of a substrate directly or through an undercoat 
film acting as a barrier against alkali and; 

an overcoat layer formed on the surface of said tin oxide layer, wherein said overcoat 
layer is selected from at least one of silicon oxide, aluminum oxide, zirconium oxide, eerie oxide, 
and titanium oxide, and the mean surface roughness (R a ) of the top surface thereof is within a range 
of 0.5 to25nm. 

2. A hydrophilic member according to claim 1, wherein said tin oxide (Sn0 2 ) has a rutile 
structure. 

1 3. A hydrophilic member according to either of claim 1 or claim 2, wherein the mean 

j surface roughness (R a ) of said tin oxide (Sn0 2 ) is within a range of from 0.5 to 25 nm, and thereby 
I the mean surface roughness (R a ) of the top surface is within a range of 0.5 to 25 nm. 

4. A hydrophilic member according to any one of claims 1 through 3, wherein the mean 
I spacing (S m ) of the irregularities of the top surface is within a range of 4 nm to 300 nm. 



| 5. A hydrophilic member according to any one of claims 1 through 4, wherein said tin 

^oxide layer has a thickness of within a range of 10 to 800 nm. 

6. A hydrophilic member according to any one of claims 1 through 5, wherein said 
overcoat layer has a thickness of within a range of 0.1 to lOOnm. 

7. A hydrophilic member according to any one of claims 1 through 6, wherein the 
refractive index of said undercoat film acting as a barrier against alkali is between the refractive 
index of the substrate and the refractive index of the tin oxide. 

8. A hydrophilic member according to any one of claims 1 through 7, wherein said 
undercoat film is a layered body of tin oxide and silicon oxide. 

9. A hydrophilic member according to one of claims 1 through 8, wherein said substrate 
is glass the main component of which is silicon oxide; tile; ceramic; or a metal plate. 
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10. A hydrophilic member according to any one of claims 1 through 9, wherein said 
hydrophilic member is a mirror having a thin metal film formed on the rear surface thereof, between 
the substrate and the tin oxide layer, or between the undercoat film and the tin oxide layer. 
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Abstract 



A hydrophilic member is provided wherein the restoration of hydrophilic properties after 
washing occurs in an extremely short amount of time, yet the retention effect of the recovered 
5 hydrophilic properties is high. On the surface of glass plate 1, which is used as a substrate, is 
formed a tin oxide (Sn0 2 ) film 2, and on the surface of this tin oxide (Sn0 2 ) film 2 is formed, as an 
overcoat layer, a silicon oxide (Si0 2 ) film 3. Soda glass which has Si0 2 as its main component is 
used as the glass plate 1. The tin oxide (Sn0 2 ) film 2 is formed, for example, by the chemical 
vapor deposition method, the thickness of the film being from 10 to 800 nm and the mean surface 
10 roughness (Ra) of the surface being from 0.5 through 25nm. Furthermore, the silicon oxide (Si0 2 ) 
film 3 is formed by the sputtering method, the thickness being from 0.1 to 100 nm. Moreover, 
since the silicon oxide (Si0 2 ) film 3 is formed on the tin oxide (Sn0 2 ) film 2, the irregularities of 
pthe tin oxide film (Sn0 2 ) 2 are transferred just as they are, which makes the silicon oxide (Si0 2 ) 
y;|film have a mean surface roughness (R a ) of from 0.5 through 25 nm. 
15 } ; Jf 
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Hydrophilic Member 
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Technical Field of the Invention 

This invention relates to a hydrophilic member and especially to a hydrophilic member having 
superior hydrophilic restoration properties. 



background; Art 



Japanese Unexamined Patent Publication Number Hei 9-278431* Hei 9-295363* Hei 10-36144, 
and Hei 10-231146 are known as background art having hydrophilic sad anti-fogging properties cm 
io the substrate surfaces of glass and the like. 

Japanese Unexamined Patent Publication Number Hei 9*278431 discloses the application* on a 
substrate snrfec^ of a surface treatment agent including phosphoric acids or salts thereof, soluble 
aluminum compounds, water-soluble silicates, surface active agents, and solvents. The mean 
□ surface roughness of the hydrophilic film is 05 to 500 ma. 

m 15 Japanese Unexamined Patent Publication Number Hei 9-295363 discloses a film of titanium 
W oxide or th oxide fonned on a substrate sui^^ pm* 
Jf j Japanese Unexamined Pateat Publication Number Hei 10-36144 discloses a photocatalyst film 

y such as titanium oxide (TiOa) formed on a g^ass substrate surface and a porous inorganic oxide film 
CO such as silicon oxide (SiQa) formed on the surface of the photocatalyst film. 
RI30 Japanese Unexamined Patent Publication Number Hei 10-231146 discloses an alkali bander 
% i film and a photocatalyst Sim formed on the surface of a glass substrate. The mean surface 
I jj roughness of the photocatalyst film is fioml jS to 80 nm. 
ry The ait disposed in the above-menti^^ 

w 9-278431 is not practical since both the chemical durability and wear resistance of the hydrophilic 
^■25 film are lew The art disclosed in the above-mentioned Japanese Unexamined Patent Publication 
Number Hei 9-295363 is not applicable to the surface of a transparent substrate such as a glass plate 
because the mean surface roughness (Ra) of the hydrophilic film is greater than or equal lo 1 Mm, 
preferably greater than or equal to 4 £im, and the transparency thereof is low (high hage). With 
regards to the art disdosed in Japanese Unexamined Patent Publication Number Hei 10-36144, 
30 since wear resistance of the hydrophilic film is low because of the porosity thereof, hydrophilic 
function thereof is lost and is not easily recovered when contamination such as oil enters Into the 
pores. With respect to the art disclosed in Japanese Unexamined Patent Publication Number Hei 
10-231146, time is needed for production because the hydrophilic film is formed of a plurality of 

35 Moreover, with each of the above-disclosed priori arts, a hydrophilic film is formed on the 
surface of a substrate and hydrophilic properties are further improved by making the surface have 
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minnte irregularities. However, in the case of a contaminated substrate, there is a drawback of 
slaw restoration of the hydiopbilic properties after washing of the substrate surface with a 
detergent, 

For example, since a surface such as that of a windshield or a mirror provided with a lavatoiy is 
5 easily conteminated, it is frequently washed with a detergent Unfortunately, restoration of 
hydrophilie properties after washing is slow, leading to minute water drops ea&'Iy adhering to the 
surf ace and auti-foggmg properties fade- 

(j)lscI<^iir3of the Inveixtfc& 
10 In order to resolve the problems mentioned above, according to the present invention, there is 
provided a hydjophilic member, wmprising a tin oxide layer formed on a surface of a substrate 
directly or through an undercoat film in between acting as a barrier against alkali, and an overcoat 
layer formed on the surface of the tin oxide layej; wherein the overcoat layer is selected from at 
least one of silicon oxide, aluminum oxide, zirconium oxide, oeric oxide, and titanium oxide, 
g 15 Furthermore, the mean surface roughness (Ra) of the top surface thereof is within a range of from 
^{ 0.5 to 25 nm* 

The mean surface roughness (Ra) is preferably within a ra**ge of ftom 0.5 to 25 um, more 
y preferably within a range of 5 to IS nm. The long-term stability of the hydrophilie performance is 
10 farther improved within this range. 

1 %0 If only a tin oxide (SnQz) layer is formed on the surface of the substrate and the surface of this 

? 3 tin oxide (SnCfe) layer is rough, hydrophilic properties are displayed, as mentioned in ^te prior art 
S| Unexamined Patent Publication Number Hei 9-295363| Unfortunately, upon washing the surface 
FlI once with bath soap, the contact angle with water becomes 70° to SO 0 . 

On the other hand, when a thin film such as a film of silicon oxide (Si0 2 ) is formed on the 
T% surface of the abenre-mcntioned tin oxide (SnQd layer, the post-washing contact angle with water 
becomes less than 10\ 

It is conceivable that the reason is because super-hydrophilic properties are present after 
washing since, from the aspect of Surface polarity tin oxide (SnQz) and silicon oxide (SiQz) have 
opposite polarities and bath soap is anionic. 
30 It is preferable that the above-mentioned tin oxide (SnO^Jhls a rutile structure. By making 
the tin oxide (SnQa) to have a rutile structure, it is possible to form a polycrystaliine thin film 
having a surface of preferable irregularities. r , ✓ 

Moreover, by making the mean surface roughness (R*) of the tin oxide (SnO^^bc fiom 0,5 10 
25 mil and transferring these irreplarities to the top surface, it is possible to make the mean surface 
36 roughness (R^) of the top surface to be from 0.5 to 25 ma. 

It is not preferable that the mean surface roughness (R ft ) be Jess than 0.5 txm 9 because effective 
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irregularities which improve long-term maintainability of hydrophilic properties and functions 
would not be formed. It is also not preferable for the mean surface roughness (R,) to exceed 25 
nm, in which case irregularities would be too great and transparency lost, or the long-temi stability 
of the hydrophilic function would be lowered. 
5 Additionally, it is preferable to make the mean spacing (S ra ) of the irregularities to be from 4 to 
300 nm. It is not preferable for the mean spacing (S m ) of the ircegularities to be either less than 4 
am or greater than 300 nta, which would result in reduction of the long-temi stability of hydrophilic 
performance and anH-fogging performance. The mean spacing (S*) of the Irregularities is more 
preferably from 5 to ISO nm_ Within this range, the long-term stability of hydrophilic performance 
10 is further improved. 

As a method of indicating the mean surface roughness (R*), arithmetical mean surface 
roughness (R*) as defined by JIS B0601 (1994) is used, The value (ran) of arithmetical mean 
surface roughness is expressed as "the absolute value of the deviation from the mean line", and is 
rendered by the following equation 1. 

15 

[equation 1] lb - |jj \f (x)\bc 
L; reference length 

f(x) : roughness curve expression taking X-axis in the direction of mean line and 
20 Y-axis in the direction of longitudinal magnification of the sampled part 

Moreover, the mean spacing of im^gularitics too, is defined by JIS 80601 (1994). The 
arithmetical mean value (jm) of irregularities is expressed as "the mean value of the spacing 
between cycles of peaks and valleys obtained from the point where the roughness Curve and the 
25 mean line cross", and is rendered by the following equation 2, 

1 A 

[equation 2] Sm ~ — Smi 
Sttf : spacing of irregularities (nm) 

n; number of spacing* of irregularities within the reference length 
30 6f MyJhs 

It ia preferable for the thickness of the tin oxide flIm A (Sn0 2 ) to be from 10 to 800 am, and for 
the thickness of the overcoat layer of silicon oxide film (Si0 2 ) or the Hfce to be from 04 to 100 run* 

When the thickness of the tin oxide is less than or greater than this range, the desired 
irregularities cannot be obtained. That is, deviation outside of this range is not preferable because, 
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when the thicktvtss of the tin oxide is smaller lhan this range, then a film of uniform thickness will 
not be realized; and when the thickness of the tin oxide is larger than this range, then the spacing of 
irregularities will become too large* 

A film mainly comprised of common silicon oxide is preferable as the undercoat foi the alkali 
5 barrier, Additives such as P (phosphorous) and B (boron) may he added* and oxide compounds of 
tin oxide may be used as needed. 

The undercoat fihu for the alkali barrier may bo formed using known processes, Examples 
include the sol-gel process, liquid phase deposition method, vacuum film fbnning method, baking 
method, spray coating method* and CVD (chemical vapor deposition) method. 
10 It is preferable that the undercoat film for the alk^i^lm^^TmTlO nm yet not greater than 
300 urn. A thickness less than 10 nm is not preferable because it h insufficient for producing an 
effective alkali barrier. Additionally, a thickness greater than 300 wn is not preferable because 
interference colors frequently become noticeable and it becomes difficult to control the optical 
characteristics of a glass plate. 
^15 Glass mainly comprised of silicon oxide (Si0 2 ), tile, ceramics, or a metal plate i$ suitable for 
£\ use as the suhstate. Moreover, a hydrophiiic member according to the present invention may be 
111 applied to mirrors, for example. 

Brief Descriptions of the Drawings 

J;jj20 Figures 1(a) and 1(b) are, respectively, enlarged cross-sectional views of ^hydrophiiic member 3 

T accordmgtotheprcscntinventionO Pt ^ / a „ lA^car-/ 

J* jy(jPi^ferred Embodiment to Implement| the Invention — — — — -*S 

\ ^ Hereinbeiow, explanation will be made of the preferred embodimen^of the present invention, 

pfffi based upon the attached drawings, 

U In the embodiment shown in Figure 1(a), the hydrophilic member emprises a film of tin oxide 

(SnO z ) 2 formed on the surface of a glass plate 1 as a substrate and a film of Silicon oxide (SiQj) 3 
as an overcoat layer formed on the sutfoce of this tin oxide (Sn0 2 ) film 2, 

In the embodiment shown in Figure 1(b), an undercoat film 4 stands between the glass platel 
30 and the tin oxide (SnO*) film 2 to prevent alkalis such as Na from escaping out of the glass plate 1. 

In Figure 1, is the mean surface roughness and Sm indicates the mean spacing of the 
^regularities. 

Soda glass, which has SiOa as its main component, is used as the glass plate 1. The tin Oxide 
(SnOi) film 2 is formed by a well-known process such as the sol-gel process, liquid phase 
85 deposition method, vacuum film forming method, baking method, spray coating method, CVD 
(Chemical vapor deposition) method, or sputtering method. The thickness ranges from 10 to 800 
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run and the mean surface roughness (R^) ranges from 0.5 to 25 nm* The film of tin oxide (5n0 2 ) 2 
has a futile structure. 

The film of silicon oxide (Si0 2 ) 3 has a thickness ranging from 0,1 through 100 nm and is 
formed by a well-known process such as the sol-gel process, liquid phase deposition method, 
5 vacuum film forming method, baking method, spray coating method, chemical yapor deposition 
method, or sputtering method, la addition, since the silicon oxide (SiO?) film 3 is formed on the 
tin oxide (Sn0 2 ) film % the irregularities of the tin oxjde (Sn0 2 ) film 2 ares transferred just as they 
are, and the range of the mean surface roughness (RJ of the surface of the silicon oxide (S1O2) film 
3 also becomes within the range of 0-5 to 25 nm. 
10 The mean spacing (S^ of irregularities preferably ranges from 4 to 300 ma, It is not desirable 
that the Spacing deviate from this range because the long-tenn stability of fee hydrophilic properties 

is low>- ovfeJcLe ^ f^- r«^pz— 

By forming minute irregularities on the surface, the hydrophilic properties of the stufece can be 
further improved- 

*!* 15 Thai is, when the surface area becomes larger by 1 times due to formation of minute 
m irregularities on the surface, cos 8' * r cos 6 (90° > 6 > 0' ) is established by WenzeFs 
111 formula, in which the contact angle of water at the time of the flat surface is 9 and the contact 
H angle of water at the time of forming irregularities is 6 ' . However, it is not the case when the 
^ contact angle 8 deviates greatly from 90 degrees. 

hi 20 For example, forming irregularities on the surface of a member having a contact angle of 30° 

5 with respect to water when the surface is flat, and taking the surface area to be multiplied hi times, 
Cl then, from the above equation, cos fl ' » J .1 cos 30° * 0.935, and from this it is determined that 

0' ~ 17 T > Similarly when the surface area is multiplied by 1,15, 0 ' becomes 5,2* - 
V\ However; this equation is not necessarily established when 8 is small, however as a tendency, 

r|25 Q becomes smaller by flic provisions of irregularities. 

I s * Thai by the formation of minute irregularities on. the surface, the hydrophilic surface 

becomes all-the-morc hydrophilic. 

On the other hand, as the undercoat film 4 for an alkali barrier, a thin film with silicon oxide as 
the main component or a compound oxide film comprised of silicon oxide and tin oxide, a film Of 
30 silicon oxide which includes carbon, or layers of a film with tin oxide as the main components and a 
film with silicon oxide as the main component, or the like may be used, 

For example, a compound oxide film comprised of silicon oxide and tin oxide or a film of 
silicon oxide which includes carbon has a refractive index which is between that of the glass plate 1 
and the tin oxide film X Therefore, m even more preferable appearance can be obtained. That is„ 
35 by having an undercoat film with an intermediate refractive index, it is possible to control 
interference color changes (color inconsistencies) arising from irregular thickness of the tin oxide 
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film, as well as neutralize reflection hues, 

In the case where the undercoat film is a layered body of, for exampfo a film whose main 
component is tin oxide and a film whose main component is silicon oxide, because the apparent 
refractive index of the layered body is between the refractive index of the glass plate 1 and the 
5 refractive index of the tin oxide film 2 by adjusting the thickness of the respective films, the 
functions Of the above-mentioned undercoat film with an intermediate refractive index can be 
obtained. 

In the case where the hydrophilic member having the above-mentioned structure is applied to a 
mirror, a thin film of metal, for example, silver, is fonned on the rear surface of the glass plate 1, 
10 between the glass plate 1 and the undercoat film 4; or, in the case of no undercoat, between the glass 
plate 1 and tin oxide (SnCfe) film % 

Next, explanation^will be made of processes for the formation of films occurring with the 
preferred embodiment^ the present invention and comparative examples. Specifically, using a 
P| film-foiming apparatus (not shown) 5 (th£ sample of embodiment 1 was made by forming, In order, a 
* 15 film of tin oxide and a film of silicon oxide on the sur&ce of a glass p l^e^Usm^the^ same process 
!^ as that of embodiment 1 } the samples gf cmbodimen^2, 3, 4 ? and ^er^ton^witb, in order, a\fi/ m ^ ?/J?Oi 
rj film of tin oxide and a film of silicon oxide on the suifece of a glass plate. Using the same process \0)<y^ a~ 
h J as that of embodiment l,(|he sample o|embodimeS3^s*formed with, in order, a film of tin oxide* " " 
CO a film of silicon oxide, a film of tin oxide, and a film of silicon oxide on the swfocs of a glass plate. 
-*S0 Using the same process as that of embodiment 1 } the sample of comparative example 1 was 
q made? with, in order, a film of tin oxide and a film of silicon oxide on the surface of a glass plate. 
\\ The sample of comparative example 2 was made by conducting an etching process on the surface of 
f 11 an ordinary glass plate, in which the glass plate was immersed into an aqueous solution whose main 
component was hydrosilicofluoric acid, and on the surface of the glass plate were formed minute 
Jis irregularities comprised of a porous film whose main component was silica. Using the same 
process as that of embodiment 1 A the samples of comparative examples 4 and 5 were made by 
forming a tin oxide film on the surface of a glass plate. ^ ^ ^.^' M ^ 

Next, the meat) surface roughness ({^) and the mean spacing (Sm) of the samples of the f f *&, 
embodiments and the comparative examples were measured. These values were calculated from 
30 profile curves measured with an atomic force microscope (AFM) or an electron microscope. 

Furthermore, the samples were washed with bath soap, and changes in the contact angles were 
measured SO that wetting properties of the sample surface with respect to water could be confirmed. 
The angle of contact with water was measured immediately after washing, after the elapse of 2 
hours, and after the elapse of 200 hours, 
35 Tables 1 and 2, below, are, with regards to the hydrophilic member according to the present 
invention and the comparative examples, comparisons of changes of the contact anglas with water 
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after washing with a detergent. 
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"Bible 1 







Embodiment^] 






i 


2 


3 


4 


5 


6 


mean surface roughness (nm) 


10.0 


3.0 


7.0 


13.0 


25.0 


8.5 


mean spacing (xm) 


40 


30 


65 


110 


150 


70 


change of 
contact angle 


immediately after 
washing 


i n 
J.U 


if n 

5.0 


4.0 


5.0 


10,0 


4.0 


n 


2 hours 
after washing 


4.0 


10.0 


6.0 


6,Q 


12.0 


6.0 




200 hours 
after washing 


10.0 


25,0 - 


15,0 


13.0 


1.6.0 


14,0 


undercoat film <x>mposition 




Si0 2 


SiOj 


S1O2 


SaOj/SiOj 


SiOj 


undercoat film thickness (nm) 




20 


20 


20 


25/25 


20 


SnQs film thickness (nm) 


350 


20 


250 


600 


800 


300 


Overcoat film thickness (am) 


20 


20 


50 


20 


50 


50 


remarks 
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Table 2 







Comparative examples* 






1 


2 


3 


4 


5 


mean surface roughness (nm) 


30.0 


5,0 


1,0 


5.0 


7,0 


mean spacing (nm) 




AC 

45 


CO 

(infinite) 


50 


70 


change of 
contact angle 


immediately after 
washing 




14.0 


18.0 


70.0 


78.0 


r> 


2 hours 
after washing 


65.0 


18.0 


20.0 


70.0 


79.0 




20Q hours 
after washing 


68.0 


32.0 


41.0 


73.0 


80.0 


undercoat film composition 


SnOaSiOz 










undercoat film thickness (nm) 


25/25 










SnOz film thickness (nm) 


1000 






60 


150 


overcoat film thickness (nm) 












remarks 


*Comparativc example 2; g 


lass plate on the surface c 


f which 






are minute irregularities formed by etching 








Comparative example 3: ordinary g]m plate 








Comparative example 4: glass plate with a film of tin oxide 






(SnO*) provided on the surface 










Comparative example 5; glass plate with a film of tin oxide 






(SnCb) provided on the surface 
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Table 1 clearly shows that a hydrophilic member according to the present invention has an 
angle of contact with water of 10 ft or Jess jwst after washing, and the hydrophilic properties arc 
durable over long periods of time. 

On the other hand> Table 2 clearly shows that a common glass pIat^{comparatlve example 3) 
6 has an angle of contact with water of about 10° after washing, but the angle of contact gradually 
increases with time. This may be considered due to hydrophilic durability not being attained since 
the surface irregularities axe small (R a ^lnm). A glass plate with fine irregularities formed on the 
surface by etching (comparative example 2) also has a contact angle with water of about W, but 
the angle of contact gradually increases with the elapse of time* This is presumably due lo 
10 durability worsening because the spacing of irregularities is too small in relation to the surface 
irregularities, and the hydrophilic functions decreasing over time^ 

Moreover, in the case where the thickness of the tin oxide (SnQ$) film exceeds the range of the 
present invention (comparative example 1), since the $pacing of irregularities on the surface 
13 becomes large (S m > 300 mn)> the spacing of irregularities on the surface of the silicon oxide film 
(SiOa) becomes large, resulting in hydrophilic properties not able to be attained. Furthermore, 
rjjt when a film of tin oxide (SnO^) only is formed on a glass plate (comparative examples 4 and 5), the 
i,j angle of contact with water after washing is 70° or greater and hydrophilic properties are not 
111 manifested, regardless of the thickness of the tin oxide film (SnOa). This is presumably dtie to the 
W nature of the tin oxide (SnQa) film itself, regardless of the surfiace shape, 

n *20 BmbodimenMd^ formed with a film o$\8®-shs& composition as {comparative! examplej £ F) hohwr&njf 
p 3 on the surface of a glass plate having a silvered rear surfac ^ This mino r surface d oes not fog at K 

\J all, even when breath is exhaled thereupon, the angle of contact with water becomes lO^flTi^iTusr^ ^ 

Hi after washing, and it maintains hydrophilic properties over long periods. Accordingly, the mirror / j / . f * fksL, 
of embodiment 6 has high hydrophilic properties, and exhibits desirable hydrophilic retention 



r£5 properties. 



Industrial applicability 

As explained above, according to the first aspect of the above-mentioned hydrophilic member, 
the angle of conlacL with respect to water becomes small, allowing still greater long-term stability of 
50 hydrophilic properties to be obtained. \ ihkkr 

According to the second aspect of the above-mentioned hydrophilic member, it is possible to \ t'^ 30§ nn , 
form a polycrystalline film having a desirably irregular surface, while attaining the effects of the [frf^r 
above-mentioned first aspect. ' ^ c jd n ^ 

According. to the third aspect of the above-mentioned hydrophilic member, while attaining the 

35 effects of the above-mentioned first and second aspects, hydrophilic effects occurring on the top 
surface can be sufficiently attained, yet recovery of hydrophilic properties after washing will occur 
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within an extremely short period of time, and the retention of the hydrophilic properties is high. 

According to the fourth aspect of the above hydrophflic members, it is possible to maintain 
hydrophiUc properties over a long period of time, white attaining the respective effects of any one 
of the above-mentioned first, second, or third aspects. 
5 According to the fifth aspect of the above-mentioned hydrophflic member, it is possible to form 
a desired hydrophflic film while attaining the respective effects of any one of the above-mentioned 
first through fourth aspects. 

According to the sixth aspect of the above-mentioned hydrophflic member, it is possible to 
obtain desired regularities while attaining the respective effects of any one of the above-mentioned 
10 first through fifth aspects. 

According to the seventh aspect of the above-mentioned hydrophobic member, while attaining 
the respective effects of any one of the above-mentioned first through sixth aspects, it is possible to 
control interference color changes (color irregularities) as well as neutralize reflection hues, since 
the refractive index of the undercoat film is between the refractive (tadeS) of the glass plate and the 
§ w tin oxide film, /WIceo 
?g According to the eighth aspect of the above«mentioned hydrophflic members, while attaining 

m the respective effects of any one of the above-mentioned first through seventh aspects, it is possible 
*M to control interference color changes (color irregularities) as well as neutralize reflection hues> since 
Jh: the apparent refractive index of the layered film is between the re&active^ade^ ^Qffteglass plate 
Jk) and the tin oxide film. /i^T& 
* According to the ninth aspect of the above-mentioned hydrophilie member, while attaining the 

0 respective effects of any one of the above-mentioned first through eighth aspects* it is possible to 
3 make effective applications to minors, windshields, anti-fogging/anti-fouling glass for construction, 

1 r= spectacle^ lenses, tile, metal plates* and the like. 

f;J5 According to the tenth aspect of the abov^mentioncd hydrophilie member, while attaining the 
H respective effects of any one of the above-mentioned first through ninth aspects, it is possible to 
make effective applications to automobile door mirrors, bathroom miirors, and the like. 



&o/( fi c&.fi) *y Mfiy M fr&dt p^lsj^-fb vs)f«ou*' c/^$4//t^.^ 
JisUL scofp ^fu I s '"^'"tk/ (>y t f£***C%/ 
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What is claimed is; 



1. A hydrophilic member comprising: 

5 a tin oxide layer formed on a surface of a substrate ^irectly or through an undercoat 

film acting as a barrier against alkali antj; ai^f 

an overcoat layer formed on the surface of said tin oxide layer, wherein said overcoat 
layer is selected from at least one of silicon oxide, aluminum oxide, zirconium oxide, eerie oxide, 
and titanium oxide, and the mean surface roughness (R 4 ) of the top surface thereof is within a range 
10 of 0.5 to 25 nm. 

Z A hydrophilic member according to claim 1, wherein said tin oxide [snCbi has a rutile 
structure. . / ~> 

fa, 

P 3 - A hydrophilic member accordir^tf^itto 

: surface toughness (R») of said tin orid e pnO$s^itiiui a range of from 0.5 to 25 nm£and thereby 
j the mean surface roughness (R«) of the top surface is within a range of 0-5 to 25 org. 

I 4. A hydrophilic member according to £ny one of claims 1 tturough^wherein the mean 

20 spacing (Sm) of the irregularities of the top surface is within a range of 4 nm to 300 nm 

5. A hydrophilic member according to |any one of claims 1 through C wherein said tin 
oxide layer has a tMcImess(c»jwitnm a range of 10 to 800 am. 



6. A hydrophilic member according to (lay one of claims 1 through ^wherein sauT 
, J layer has a thickness pfmtim a range of 0.1 to lOOnm. ^ 

7. A bydropbilic member according to £ny one of claims 1 through ^v^^a^e 
refractive index of said undercoat film acting as a barrier against alkali is between the refractive 

30 index of the substrate and the retractive index of the tin oxtder^ 3 ^ 

8. A hydrophilic member according to (any one of claims 1 through ^wherein ^id 
undercoat film is a layered body of tin oxide and silicon oxide. 

^ereinsaid substrate 
w gtass me main component of winch is silicon oxide; tile; ceramiq/Wa metal plate. 



10. A hydrophilic member according to|any one of claims 1 through yvfc&fa^ 
bydrophilic member is a minor having e thin metal film fanned on the^esnjsurface thereof, between 
the substrate and the tin oxide layc^or between the undercoat film and the tin oxide layeij. 

acfa*y 4# a b^rr,^ (X_^<«st 

^ f A- 1^^ t Ufa** U utJ^f-^ 
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Abstract 



A hydropbilic member is piovided wherein the restoration of hydrophilic properties after 
washing occurs in an extremely short amount of time, yet the retention effect of the recovered 
hydrophilic properties is high. Oo the surface of glass plate which is used as a substrate, is 
formed a tin oxide (SnOi) film |, and on the surface of this tin oxjde (S11O2) fflinf^ is formed, as an 
Ov&rcoat layer, a silicon oxide (S1O2) %b&% Soda glass which has SiOj as its main component is 
used as the glass plate J|. lie tin oxide (S11O2) film gj is foamed, for example, by the chemical 
vapor deposition method, the thickness of the film, being from 10 to 800 nm and the mean surface 
roughness (R^ of the surface being from 0-5 through 25nm. Furthermore, the silicon oxide (S1O2) 
film 3|i^foimed by the sputtering method, the thickness being from 04 to 100 nm. Moreover, 
since the silicon oxide (SiOs) film^jis formed on the tin oxide (SnOa) film||, the irregularities of 
the tin oxide film (Sn0 2 )^are transferred just as they are, which makes the silicon oxide (Si0 2 ) 
film have a mean surface roughness (R a ) of from 0,5 through 25 mn. 
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Hydrophilic Member 

Background of the Invention 

1. Technical Field of the Invention 

This invention relates to a hydrophilic member and especially to a hydrophilic member having 
superior hydrophilic restoration properties. 

2. Description of Relevant Art 

Japanese Unexamined Patent Publication Numbers Hei 9-278431, Hei 9-295363, Hei 10-36144, 
and Hei 10-231 146 are known as background art having hydrophilic and anti-fogging properties on 
the substrate surfaces of glass and the like. 

Japanese Unexamined Patent Publication Number Hei 9-278431 discloses the application, on a 
substrate surface, of a surface treatment agent including phosphoric acids or salts thereof, soluble 
aluminum compounds, water-soluble silicates, surface-active agents, and solvents. The mean 
surface roughness of the hydrophilic film is 0.5 to 500 nm. 

Japanese Unexamined Patent Publication Number Hei 9-295363 discloses a film of titanium 
oxide or tin oxide formed on a substrate surface, having a mean surface roughness of at least 1 jam. 

Japanese Unexamined Patent Publication Number Hei 10-36144 discloses a photocatalyst film 
such as titanium oxide (TiOi) formed on a glass substrate surface and a porous inorganic oxide film 
such as silicon oxide (SiCh) formed on the surface of the photocatalyst film. 

Japanese Unexamined Patent Publication Number Hei 10-231 146 discloses an alkali barrier film 
and a photocatalyst film formed on the surface of a glass substrate. The mean surface roughness of 
the photocatalyst film is froml.5 to 80 nm. 

The art disclosed in the above-mentioned Japanese Unexamined Patent Publication Number Hei 
9-27843 1 is not practical since both the chemical durability and wear resistance of the hydrophilic 
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film are low. The art disclosed in the above-mentioned Japanese Unexamined Patent Publication 
Number Hei 9-295363 is not applicable to the surface of a transparent substrate such as a glass plate 
because the mean surface roughness (Ra) of the hydrophilic film is greater than or equal to 1 |um, 
preferably greater than or equal to 4 pm, and the transparency thereof is low (high haze). With 
5 regards to the art disclosed in Japanese Unexamined Patent Publication Number Hei 10-36144, 
since wear resistance of the hydrophilic film is low because of the porosity thereof, hydrophilic 
function thereof is lost and is not easily recovered when contamination such as oil enters into the 
pores. With respect to the art disclosed in Japanese Unexamined Patent Publication Number Hei 
10-231 146, time is needed for production because the hydrophilic film is formed of a plurality of 
*p|0 layers. 

I? I Moreover, with each of the above-disclosed background arts, a hydrophilic film is formed on the 

i s j surface of a substrate and hydrophilic properties are further improved by making the surface have 
fli minute irregularities. However, in the case of a contaminated substrate, there is a drawback of slow 
PI restoration of the hydrophilic properties after washing of the substrate surface with a detergent. 

5 For example, since a surface such as that of a windshield or a mirror provided with a lavatory is 
pi easily contaminated, it is frequently washed with a detergent. Unfortunately, restoration of 
hydrophilic properties after washing is slow, leading to minute water drops easily adhering to the 
surface and anti-fogging properties fade. 

20 Summary of the Invention 

In order to resolve the problems mentioned above, according to the present invention, there is 
provided a hydrophilic member, comprising a tin oxide layer formed on a surface of a substrate 
directly or through an undercoat film in between acting as a barrier against alkali, and an overcoat 
layer formed on the surface of the tin oxide layer, wherein the overcoat layer is selected from at 
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least one of silicon oxide, aluminum oxide, zirconium oxide, eerie oxide, and titanium oxide. 
Furthermore, the mean surface roughness (Ra) of the top surface thereof is within a range of from 
0.5 to 25 nm. 

The mean surface roughness (R a ) is preferably within a range of from 0.5 to 25 nm, more 
preferably within a range of 5 to 15 nm. The long-term stability of the hydrophilic performance is 
further improved within this range. 

If only a tin oxide (Sn02) layer is formed on the surface of the substrate and the surface of this 
tin oxide (Sn02) layer is rough, hydrophilic properties are displayed, as mentioned in Unexamined 
Patent Publication Number Hei 9-295363. Unfortunately, upon washing the surface once with bath 
soap, the contact angle with water becomes 70° to 80°. 

On the other hand, when a thin film such as a film of silicon oxide (Sid) is formed on the 
surface of the above-mentioned tin oxide (Sn02) layer, the post-washing contact angle with water 
becomes less than 10°. 

It is conceivable that the reason is because super-hydrophilic properties are present after washing 
since, from the aspect of surface polarity, tin oxide (Sn02) and silicon oxide (SiCh) have opposite 
polarities and bath soap is anionic. 

It is preferable that the above-mentioned tin oxide (SnOa) layer has a rutile structure. By making 
the tin oxide (SnCb) to have a rutile structure, it is possible to form a polycrystalline thin film 
having a surface of preferable irregularities. 

Moreover, by making the mean surface roughness (R a ) of the tin oxide (SnC>2) layer to be from 
0.5 to 25 nm and transferring these irregularities to the top surface, it is possible to make the mean 
surface roughness (R a ) of the top surface to be from 0.5 to 25 nm. 

It is not preferable that the mean surface roughness (Ra) be less than 0.5 nm, because effective 
irregularities which improve long-term maintainability of hydrophilic properties and functions 



would not be formed. It is also not preferable for the mean surface roughness (Ra) to exceed 25 nm, 
in which case irregularities would be too great and transparency lost, or the long-term stability of 
the hydrophilic function would be lowered. 

Additionally, it is preferable to make the mean spacing (S m ) of the irregularities to be from 4 to 
300 nm. It is not preferable for the mean spacing (S m ) of the irregularities to be either less than 4 
nm or greater than 300 nm, which would result in reduction of the long-term stability of hydrophilic 
performance and anti-fogging performance. The mean spacing (S m ) of the irregularities is more 
preferably from 5 to 150 nm. Within this range, the long-term stability of hydrophilic performance 
is further improved. 

As a method of indicating the mean surface roughness (R a ), arithmetical mean surface roughness 
(R a ) as defined by JIS B0601 (1994) is used. The value (nm) of arithmetical mean surface 
roughness is expressed as "the absolute value of the deviation from the mean line", and is rendered 
by the following equation 1 . 



L : reference length 

f(x) : roughness curve expression taking X-axis in the direction of mean line and Y-axis 
in the direction of longitudinal magnification of the sampled part 
Moreover, the mean spacing of irregularities S m , too, is defined by JIS B0601 (1994). The 
arithmetical mean value (nm) of irregularities is expressed as "the mean value of the spacing 
between cycles of peaks and valleys obtained from the point where the roughness curve and the 
mean line cross", and is rendered by the following equation 2. 



[equation 1 ] Ra = —V\f (x)\dx 




I 



[equation 2] Sm = — V" Smi 
n 

S m i : spacing of irregularities (nm) 

n: number of spacings of irregularities within the reference length 

5 It is preferable for the thickness of the tin oxide film or layer (Sn0 2 ) to be from 10 to 800 nm, 
and for the thickness of the overcoat layer of silicon oxide film (Si0 2 ) or the like to be from 0.1 to 
100 nm. 

When the thickness of the tin oxide is less than or greater than this range, the desired 
irregularities cannot be obtained. That is, deviation outside of this range is not preferable because, 
^10 when the thickness of the tin oxide is smaller than this range, then a film of uniform thickness will 
? \ not be realized; and when the thickness of the tin oxide is larger than this range, then the spacing of 
^ irregularities will become too large. 

y A film mainly comprised of common silicon oxide is preferable as the undercoat for the alkali 

*{ barrier. Additives such as P (phosphorous) and B (boron) may be added, and oxide compounds of 
^15 tin oxide may be used as needed. 

** The undercoat film for the alkali barrier may be formed using known processes. Examples 

S3 is' 

include the sol-gel process, liquid phase deposition method, vacuum film forming method, baking 
method, spray coating method, and CVD (chemical vapor deposition) method. 

It is preferable that the undercoat film for the alkali barrier be at least 10 nm yet not greater than 
20 300 nm. A thickness less than 10 nm is not preferable because it is insufficient for producing an 
effective alkali barrier. Additionally, a thickness greater than 300 nm is not preferable because 
interference colors frequently become noticeable and it becomes difficult to control the optical 
characteristics of a glass plate. 

Glass mainly comprised of silicon oxide (SiC^), tile, ceramics, or a metal plate is suitable for use 
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as the substrate. Moreover, a hydrophilic member according to the present invention may be 
applied to mirrors, for example. 

Brief Descriptions of the Drawings 

5 Figures 1(a) and 1(b) are, respectively, enlarged cross-sectional views of hydrophilic members 
according to the present invention, the member of Fig. 1(b) including an undercoat film not 
included in the member of Fig. 1(a). 

Detailed Description of the Invention 

"110 Hereinbelow, explanation will be made of the preferred embodiment of the present invention, 
Til based upon the attached drawings. 

^ In the embodiment shown in Figure 1(a), the hydrophilic member comprises a film of tin oxide 

S s (SnCh) 2 formed on the surface of a glass plate 1 as a substrate and a film of silicon oxide (SiCh) 3 
In as an overcoat layer formed on the surface of this tin oxide (Snd) film 2. 

k. : 

as is In the embodiment shown in Figure 1(b), an undercoat film 4 stands between the glass plate 1 
~2l and the tin oxide (Sn02) film 2 to prevent alkalis such as Na from escaping out of the glass plate 1 . 

I; sir 

r " In Figure 1, R a is the mean surface roughness and Sm indicates the mean spacing of the 

irregularities. 

Soda glass, which has S1O2 as its main component, is used as the glass plate 1 . The tin oxide 
20 (Sn02) film 2 is formed by a well-known process such as the sol-gel process, liquid phase 
deposition method, vacuum film forming method, baking method, spray coating method, CVD 
(chemical vapor deposition) method, or sputtering method. The thickness ranges from 10 to 800 
nm and the mean surface roughness (R a ) ranges from 0.5 to 25 nm. The film of tin oxide (SnOz) 2 
has a rutile structure. 
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The film of silicon oxide (SiC>2) 3 has a thickness ranging from 0.1 through 100 nm and is 
formed by a well-known process such as the sol-gel process, liquid phase deposition method, 
vacuum film forming method, baking method, spray coating method, chemical vapor deposition 
method, or sputtering method. In addition, since the silicon oxide (SiC^) film 3 is formed on the tin 
5 oxide (SnCh) film 2, the irregularities of the tin oxide (SnCh) film 2 are transferred just as they are, 
and the range of the mean surface roughness (R a ) of the surface of the silicon oxide (SiCh) film 3 
also becomes within the range of 0.5 to 25 nm. 

The mean spacing (S m ) of irregularities preferably ranges from 4 to 300 nm. It is not desirable 
that the spacing deviate from this range because the long-term stability of the hydrophilic properties 
~|0 is low outside of the range. 

it By forming minute irregularities on the surface, the hydrophilic properties of the surface can be 

? a 
s 

"■; further improved. 

)l That is, when the surface area becomes larger by r times due to formation of minute irregularities 

S5 on the surface, cos 9' = r cos 0 (90° > G > 0') is established by WenzePs formula, in which the 
%5 contact angle of water at the time of the flat surface is 0 and the contact angle of water at the time of 

forming irregularities is 9'. However, it is not the case when the contact angle 0 deviates greatly 

from 90 degrees. 

For example, forming irregularities on the surface of a member having a contact angle of 30° 
with respect to water when the surface is flat, and taking the surface area to be multiplied 1 . 1 times, 
20 then, from the above equation, cos 0' = 1 . 1 cos 30° = 0.935, and from this it is determined that 0'= 
17.7° . Similarly, when the surface area is multiplied by 1.15, 0'becomes 5.2° . 
However, this equation is not necessarily established when 0 is small, however, as a tendency, 0' 
becomes smaller by the provisions of irregularities. 

That is, by the formation of minute irregularities on the surface, the hydrophilic surface becomes 
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all-the-more hydrophilic. 

On the other hand, as the undercoat film 4 for an alkali barrier, a thin film with silicon oxide as 
the main component or a compound oxide film comprised of silicon oxide and tin oxide, a film of 
silicon oxide which includes carbon, or layers of a film with tin oxide as the main components and a 
5 film with silicon oxide as the main component, or the like may be used. 

For example, a compound oxide film comprised of silicon oxide and tin oxide or a film of silicon 
oxide which includes carbon has a refractive index which is between that of the glass plate 1 and the 
tin oxide film 2. Therefore, an even more preferable appearance can be obtained. That is, by 
having an undercoat film with an intermediate refractive index, it is possible to control interference 
JO color changes (color inconsistencies) arising from irregular thickness of the tin oxide film, as well 
I as neutralize reflection hues. 

\ In the case where the undercoat film is a layered body of, for example, a film whose main 

\ component is tin oxide and a film whose main component is silicon oxide, because the apparent 
* refractive index of the layered body is between the refractive index of the glass plate 1 and the 
}5 refractive index of the tin oxide film 2 by adjusting the thickness of the respective films, the 
I functions of the above-mentioned undercoat film with an intermediate refractive index can be 
obtained. 

In the case where the hydrophilic member having the above-mentioned structure is applied to a 
mirror, a thin film of metal, for example, silver, is formed on the rear surface of the glass plate 1, 
20 between the glass plate 1 and the undercoat film 4; or, in the case of no undercoat, between the glass 
plate 1 and tin oxide (SnC>2) film 2. 

Next, explanation will be made of processes for the formation of films occurring with the 
preferred embodiments of the present invention and comparative examples. Specifically, using a 
film-forming apparatus (not shown), a sample of embodiment 1 was made by forming, in order, a 
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film of tin oxide and a film of silicon oxide on the surface of a glass plate. Using the same process 
as that of embodiment 1, the samples 2, 3, 4, and 6 of embodiment 2 were formed with, in order, a 
film of silicon oxide, a film of tin oxide and a film of silicon oxide on the surface of a glass plate. 
Using the same process as that of embodiment 1, the embodiment sample 5 was formed with, in 
order, a film of tin oxide, a film of silicon oxide, a film of tin oxide, and a film of silicon oxide on 
the surface of a glass plate. 

Using the same process as that of embodiment 1, the sample of comparative example 1 was 
made with, in order, a film of tin oxide and a film of silicon oxide on the surface of a glass plate. 
The sample of comparative example 2 was made by conducting an etching process on the surface of 
an ordinary glass plate, in which the glass plate was immersed into an aqueous solution whose main 
component was hydrosilicofluoric acid, and on the surface of the glass plate were formed minute 
irregularities comprised of a porous film whose main component was silica. Using the same 
process as that of embodiment 1, the samples of comparative examples 4 and 5 were made by 
forming a tin oxide film on the surface of a glass plate. Comparative example 3 is an ordinary glass 
plate. 

Next, the mean surface roughness (R a ) and the mean spacing (Sm) of the samples of the 
embodiments and the comparative examples were measured. These values were calculated from 
profile curves measured with an atomic force microscope (AFM) or an electron microscope. 

Furthermore, the samples were washed with bath soap, and changes in the contact angles were 
measured so that wetting properties of the sample surface with respect to water could be confirmed. 
The angle of contact with water was measured immediately after washing, after the elapse of 2 
hours, and after the elapse of 200 hours. 

Tables 1 and 2, below, are, with regards to the hydrophilic member according to the present 
invention and the comparative examples, comparisons of changes of the contact angles with water 



after washing with a detergent. 
Table 1 





Embodiment Samples 


1 


2 


3 


4 


5 


6 


mean surface roughness (nm) 


10.0 


3.0 


7.0 


13.0 


25.0 


8.5 


mean spacing (nm) 


40 


30 


65 


110 


150 


70 


change of 
contact angle 

(°) 


immediately after 
washing 


3.0 


5.0 


4.0 


5.0 


10.0 


4.0 


2 hours 
after washing 


4.0 


10.0 


6.0 


6.0 


12.0 


6.0 


200 hours 
after washing 


10.0 


25.0 


15.0 


13.0 


16.0 


14.0 


undercoat film composition 




Si0 2 


Si0 2 


Si0 2 


Sn0 2 /Si0 2 


Si0 2 


undercoat film thickness (nm) 




20 


20 


20 


25/25 


20 


Sn02 film thickness (nm) 


350 


20 


250 


600 


800 


300 


overcoat film thickness (nm) 


20 


20 


50 


20 


50 


50 


remarks 
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Table 2 





Comparative examples* 


i 
l 


L 




A 




mean surface roughness (nm) 


30.0 


5.0 


1.0 


5.0 


7.0 


mean spacing (nm) 


250 


45 


00 

^lniini te ) 


50 


70 


change of 
contact angle 

(°) 


immediately after 
washing 


57.0 


14.0 


18.0 


70.0 


78.0 


2 hours 
after washing 


65.0 


18.0 


20.0 


70.0 


79.0 


200 hours 
after washing 


68.0 


32.0 


41.0 


73.0 


80.0 


undercoat film composition 


Sn0 2 /Si0 2 










undercoat film thickness (nm) 


25/25 










Sn02 film thickness (nm) 


1000 






60 


150 


overcoat film thickness (nm) 












remarks 


^Comparative example 2: glass plate on the surface of which 
are minute irregularities formed by etching 

Comparative example 3: ordinary glass plate 

Comparative example 4: glass plate with a film of tin oxide 
(Sn02) provided on the surface 

Comparative example 5: glass plate with a film of tin oxide 
(Snd) provided on the surface 



Table 1 clearly shows that a hydrophilic member according to the present invention has an angle 
of contact with water of 10° or less just after washing, and the hydrophilic properties are durable 
over long periods of time. 

On the other hand, Table 2 clearly shows that a common glass plate (comparative example 3) has 
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an angle of contact with water of about 10° after washing, but the angle of contact gradually 
increases with time. This may be considered due to hydrophilic durability not being attained since 
the surface irregularities are small (R^lnm). A glass plate with fine irregularities formed on the 
surface by etching (comparative example 2) also has a contact angle with water of about 10°, but 
5 the angle of contact gradually increases with the elapse of time. This is presumably due to 
durability worsening because the spacing of irregularities is too small in relation to the surface 
irregularities, and the hydrophilic functions decreasing over time. 

Moreover, in the case where the thickness of the tin oxide (SnC>2) film exceeds the range of the 
present invention (comparative example 1), since the spacing of irregularities on the surface 
JlO becomes large (S m > 300 nm), the spacing of irregularities on the surface of the silicon oxide film 
I (SiCh) becomes large, resulting in hydrophilic properties not able to be attained. Furthermore, 
i when a film of tin oxide (Sn02) only is formed on a glass plate (comparative examples 4 and 5), the 
i angle of contact with water after washing is 70° or greater and hydrophilic properties are not 

I manifested, regardless of the thickness of the tin oxide film (SnCfe). This is presumably due to the 

! 

=15 nature of the tin oxide (SnCh) film itself, regardless of the surface shape. 

J Embodiment sample 6 is a mirror formed with a film of nearly the same composition as 

Embodiment sample 3 on the surface of a glass plate having a silvered rear surface, i.e., the film 
characteristics are all the same, except that the Sn02 film thickness is 300nm, rather than 250nm. 
This mirror surface does not fog at all, even when breath is exhaled thereupon, the angle of contact 

20 with water becomes 10° or less just after washing, and it maintains hydrophilic properties over long 
periods. Accordingly, the mirror of embodiment 6 has high hydrophilic properties, and exhibits 
desirable hydrophilic retention properties. 
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Industrial applicability 

As explained above, according to the first aspect of the above-mentioned hydrophilic member, 
the angle of contact with respect to water becomes small, allowing still greater long-term stability of 
hydrophilic properties to be obtained. 

According to the second aspect of the above-mentioned hydrophilic member, it is possible to 
form a polycrystalline film having a desirably irregular surface, while attaining the effects of the 
above-mentioned first aspect. 

According to the third aspect of the above-mentioned hydrophilic member, while attaining the 
effects of the above-mentioned first and second aspects, hydrophilic effects occurring on the top 
surface can be sufficiently attained, yet recovery of hydrophilic properties after washing will occur 
within an extremely short period of time, and the retention of the hydrophilic properties is high. 

According to the fourth aspect of the above hydrophilic members, it is possible to maintain 
hydrophilic properties over a long period of time, while attaining the respective effects of any one 
of the above-mentioned first, second, or third aspects. 

According to the fifth aspect of the above-mentioned hydrophilic member, it is possible to form a 
desired hydrophilic film while attaining the respective effects of any one of the above-mentioned 
first through fourth aspects. 

According to the sixth aspect of the above-mentioned hydrophilic member, it is possible to 
obtain desired irregularities while attaining the respective effects of any one of the above-mentioned 
first through fifth aspects. 

According to the seventh aspect of the above-mentioned hydrophobic member, while attaining 
the respective effects of any one of the above-mentioned first through sixth aspects, it is possible to 
control interference color changes (color irregularities) as well as neutralize reflection hues, since 
the refractive index of the undercoat film is between the refractive indices of the glass plate and the 
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tin oxide film. 

According to the eighth aspect of the above-mentioned hydrophilic members, while attaining the 
respective effects of any one of the above-mentioned first through seventh aspects, it is possible to 
control interference color changes (color irregularities) as well as neutralize reflection hues, since 
5 the apparent refractive index of the layered film is between the refractive indices of the glass plate 
and the tin oxide film. 

According to the ninth aspect of the above-mentioned hydrophilic member, while attaining the 
respective effects of any one of the above-mentioned first through eighth aspects, it is possible to 
make effective applications to mirrors, windshields, anti-fogging/anti-fouling glass for construction, 
10 spectacles, lenses, tile, metal plates, and the like. 

According to the tenth aspect of the above-mentioned hydrophilic member, while attaining the 
respective effects of any one of the above-mentioned first through ninth aspects, it is possible to 
make effective applications to automobile door mirrors, bathroom mirrors, and the like. 

15 Although there have been described what are the present embodiments of the invention, it will be 
understood by persons skilled in the art that variations and modifications may be made thereto 
without departing from the gist, spirit or essence of the invention. The scope of the invention is set 
forth in the appended claims. 
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What is claimed is: 

1 . A hydrophilic member comprising: 

a tin oxide layer formed on a surface of a substrate; and 

an overcoat layer formed on the surface of said tin oxide layer, wherein said overcoat 
layer is selected from at least one of silicon oxide, aluminum oxide, zirconium oxide, eerie oxide, 
and titanium oxide, and the mean surface roughness (Ra) of the top surface thereof is within a range 
of 0.5 to 25 nm. 

2. A hydrophilic member according to claim 1, wherein said tin oxide layer has a rutile 
structure. 

3. A hydrophilic member according to claim 1, wherein the mean surface roughness (Ra) 
of said tin oxide layer is also within a range of from 0.5 to 25 nm. 

4. A hydrophilic member according to claim 1, wherein the mean spacing (S m ) of the 
irregularities of the top surface of said overcoat layer is within a range of 4 nm to 300 nm. 

5. A hydrophilic member according to claim 1, wherein said tin oxide layer has a thickness 
within a range of 10 to 800 nm. 

6. A hydrophilic member according to claim 1, wherein said overcoat layer has a thickness 
within a range of 0.1 to lOOnm. 
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7. A hydrophilic member according to claim 12, wherein the refractive index of said 
undercoat film acting as a barrier against alkali is between the refractive index of the substrate and 
the refractive index of the tin oxide layer. 

5 

8. A hydrophilic member according to claim 12, wherein said undercoat film is a layered 
body of tin oxide and silicon oxide. 

9. A hydrophilic member according to claim 1, wherein said substrate is selected from the 
(10 group consisting of: glass the main component of which is silicon oxide; tile; ceramic; and a metal 

s. 

f plate. 

f 10. A hydrophilic member according to claim 1, wherein said hydrophilic member is a 

mirror having a thin metal film formed on the surface thereof, between the substrate and the tin 

fl5 oxide layer. 

I 

" 1 1 . A hydrophilic member according to claim 1 , wherein said overcoat layer is formed 

directly on the surface of the substrate. 

20 12. A hydrophilic member according to claim 1, further including an undercoat film 

disposed between the surface of said substrate and said tin oxide layer, said undercoat film acting as 
a barrier against alkali. 

13. A hydrophilic member according to claim 12, wherein said hydrophilic member is a 
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mirror having a thin metal film formed on the surface thereof, between the undercoat film and the 
tin oxide layer. 

14. A hydrophilic member according to claim 2, wherein the mean surface roughness (R a ) 
of said tin oxide layer is also within a range of from 0.5 to 25 nm. 

15. A hydrophilic member according to claim 2, wherein the mean spacing (S m ) of the 
irregularities of the top surface of said overcoat layer is within a range of 4 nm to 300 nm. 

16. A hydrophilic member according to claim 14, wherein the mean spacing (S m ) of the 
irregularities of the top surface of said overcoat layer is within a range of 4 nm to 300 nm. 

17. A hydrophilic member according to claim 2, wherein said tin oxide layer has a 
thickness within a range of 10 to 800 nm. 

18. A hydrophilic member according to claim 15, wherein said tin oxide layer has a 
thickness within a range of 10 to 800 nm. 

19. A hydrophilic member according to claim 16, wherein said tin oxide layer has a 
thickness within a range of 10 to 800 nm. 

20. A hydrophilic member according to claim 2, wherein said overcoat layer has a 
thickness within a range of 0.1 to lOOnm. 
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Abstract 



A hydrophilic member is provided wherein the restoration of hydrophilic 
properties after washing occurs in an extremely short amount of time, yet the retention effect of the 
recovered hydrophilic properties is high. On the surface of glass plate, which is used as a substrate, 
is formed a tin oxide (Sn02) film, and on the surface of this tin oxide (SnC>2) film is formed, as an 
overcoat layer, a silicon oxide (SiC>2) film. Soda glass which has Si02 as its main component is 
used as the glass plate. The tin oxide (Sn02) film is formed, for example, by the chemical vapor 
deposition method, the thickness of the film being from 10 to 800 nm and the mean surface 
roughness (R a ) of the surface being from 0.5 through 25nm. Furthermore, the silicon oxide (SiCh) 
film is formed by the sputtering method, the thickness being from 0.1 to 100 nm. Moreover, since 
the silicon oxide (Si0 2 ) film is formed on the tin oxide (Sn0 2 ) film, the irregularities of the tin 
oxide film (SnCb) are transferred just as they are, which makes the silicon oxide (S1O2) film have a 
corresponding mean surface roughness (R a ) of from 0.5 through 25 nm. 
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